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doi:10.1016/j.jfma.2012.04.003Background/Purpose: Autoimmune thyroiditis can be diagnosed by measuring patients’ serum
levels of thyroid stimulating hormone (TSH), anti-thyroglobulin antibody (TGA), and anti-
thyroid microsomal antibody (TMA). This study evaluated whether there were hematinic defi-
ciencies, high blood homocysteine levels, and serum gastric parietal cell antibody (GPCA)
positivity in patients with TGA or TMA.
Methods: The blood hemoglobin (Hb), iron, vitamin B12, folic acid, homocysteine and TSH
concentrations and the serum GPCA level in 190 TGA- or TMA-positive patients were measured
and compared with the corresponding levels in 190 age- and sex-matched healthy control
subjects.
Results: We found that 31 (16.3%), 27 (14.2%), 12 (6.3%), and 2 (1.1%) TGA- or TMA-positive
patients had deficiencies of Hb (Men< 13 g/dL, Women< 12 g/dL), iron (< 60 mg/dL), vitamin
B12 (< 200 pg/mL), and folic acid (< 4 ng/mL), respectively. Moreover, 25 (13.2%) and 48
(25.3%) TGA- or TMA-positive patients had abnormally high blood homocysteine level and
serum GPCA positivity, respectively. TGA- or TMA-positive patients had a significantly higher
frequency of Hb (p< 0.001), iron (p< 0.001), or vitamin B12 deficiency (pZ 0.001), of abnor-
mally elevated blood homocysteine level (pZ 0.001), or of serum GPCA positivity (p< 0.001)ave no conflicts of interest relevant to this article.
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156 Y.-P. Wang et al.than healthy control subjects. Of 190 TGA- or TMA-positive patients, 8 (4.2%) had lower serum
TSH level (< 0.1 mIU/mL, suggestive of hyperthyroidism), 163 (85.8%) had serum TSH level
within normal range (0.1e4.5 mIU/mL), and 19 (10%) had higher serum TSH level (>4.5 mIU/
mL, suggestive of hypothyroidis).
Conclusion: There are significant deficiencies of hemoglobin, iron, and vitamin B12, abnor-
mally high blood homocysteine levels, and serum GPCA positivity in TGA- or TMA-positive
patients. In addition, the majority (85.8%) of TGA- or TMA-positive patients had euthyroid
and only a small portion (14.2%) of TGA- or TMA-positive patients had either hypothyroidism
or hyperthyroidism.
Copyright ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Autoimmune thyroiditis is a condition in which the immune
system attacks the body’s own thyroid gland. Autoimmune
thyroiditis is thought to be genetic in origin.1,2 It is more
common in women than in men and primarily affects people
between 40 and 60 years of age. Like many autoimmune
disorders, the chances of getting autoimmune thyroiditis
are increased if patients have other autoimmune disorders.
In addition, patients with anti-thyroid autoantibodies tend
to have other organ-specific autoantibodies.3e5
Patientswith autoimmune thyroiditis are characterized by
the presence of thyroid-specific autoantibodies in serum.3e6
Anti-thyroglobulin autoantibodies (TGA) have been reported
in about 60% of patients with diffuse goiter, hypothyroidism,
or both, and anti-thyroid microsomal autoantibodies (TMA,
also known as anti-thyroid peroxidase antibody, TPO) in 95%
of patients.6,7 Measuring the serum thyrotropin (thyroid
stimulating hormone, TSH) concentration can tell us whether
the thyroid autoantibody-positive patients had normal
thyroid function or not. In community surveys, 50% to 75% of
subjects with positive tests for thyroid autoantibodies are
euthyroid, 25% to 50% have subclinical hypothyroidism, and
only 5% to 10% have overt hypothyroidism.6
In our oral mucosal disease clinic, the majority of
patients with atrophic glossitis (AG) or burning mouth
syndrome (BMS) were checked for the presence of TGA,
TMA, and anti-gastric parietal cell autoantibodies (GPCA)
in their sera. We found that 83 of 268 AG patients and
107 of 456 BMS patients had the presence of TGA or TMA
in their sera. In this study, the symptoms (such as dry
mouth, burning sensation, numbness, and loss or
dysfunction of taste) and signs (such as varicosity and
candidiasis) of the tongue, blood chemistry (including
blood levels of hemoglobin (Hb), iron, vitamin B12, folic
acid, homocysteine, and TSH), and serum GPCA level in
190 TGA- or TMA-positive patients (including 83 AG and
107 BMS patients) were inquired, examined, and recor-
ded. These data were compared with corresponding data
in 190 age- and sex-matched healthy control subjects
without oral mucosal and systemic diseases. Statistical
analyses were performed to assess whether there were
hematinic deficiencies, abnormally high blood homo-
cysteine levels, and serum GPCA positivity in this specific
group of 190 TGA- or TMA-positive patients. In addition,
the serum TSH levels could tell us whether the TGA- or
TMA-positive patients had euthyroid, hypothyroidism, or
hyperthyroidism.Materials and methods
Subjects
The study group included 190 TGA- or TMA-positive
patients (17 men and 173 women, age range 27e86
years, mean 60.1 11.6 years). These 190 patients
comprised 83 AG and 107 BMS patients. The normal control
group consisted of 190 age- ( 2 years of each patient’s
age) and sex-matched healthy control subjects (17 men
and 173 women, age range 28e87 years, mean 60.5 11.7
years). All the patients and control subjects were seen
consecutively, diagnosed, and treated in the Department
of Dentistry of National Taiwan University Hospital from
July 2007 to January 2012. TGA- or TMA-positive patients
with areca quid chewing habit or other autoimmune
diseases (such as systemic lupus erythematosus, rheuma-
toid arthritis, Sjogren’s syndrome, pemphigus vulgaris,
and cicatricial pemphigoid) were excluded. In addition,
TGA- or TMA-positive patients with serum creatinine
concentrations indicative of renal dysfunction (men,
>131 mmol/L; women, >115 mmol/L), and who reported
a history of stroke, heavy alcohol use, or diseases of the
liver, kidney, or coronary arteries were also excluded.4
Healthy control subjects had either dental caries or peri-
odontal diseases but did not have any oral mucosal or
systemic diseases. None of TGA- or TMA-positive patients
had taken any prescription medication for autoimmune
thyroiditis, AG or BMS at least 3 months before entering
the study. For TGA- or TMA-positive patients and healthy
control subjects, the symptoms (such as dry mouth,
burning sensation, numbness, and loss or dysfunction of
taste) and signs (such as candidiasis and varicosity) of the
tongue were inquired, examined, and recorded. The blood
samples were drawn from TGA- or TMA-positive patients
and healthy control subjects for the measurement of
blood hemoglobin, iron, vitamin B12, folic acid, homo-
cysteine, and TSH concentrations and the serum GPCA
levels. This study was reviewed and approved by the
institutional review board of National Taiwan University
Hospital.
Determination of blood hemoglobulin, iron,
vitamin B12, folic acid, and homocysteine
concentrations
The blood Hb, iron, vitamin B12, folic acid, homocysteine,
and TSH concentrations were determined by the routine
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of National Taiwan University Hospital.
Determination of serum anti-thyroglobulin or anti-
thyroid microsomal antibody level
TGA and TMA titers were measured by a semi-quantitative
microtiter particle agglutination test using Serodia-AMC kits
(Fujirebio Inc., Tokyo, Japan) as described previously.8,9 In
brief, serial two-fold dilutions of initial 1:20 dilutions of
TGA- or TMA-positive patients’ and control subjects’ sera in
the wells of a microtitration tray were reacted with gelatin
particles sensitized with thyroglobulin or thyroid micro-
somal antigen at room temperature for 3 hr. The results
were obtained by reading the settling patterns of the
colored gelatin particles using a tray viewer. Serum con-
taining TGA or TMA reacted with the thyroglobulin or
thyroid microsomal antigen-sensitized colored gelatin
particles to form a smooth mat of agglutinated particles in
the microtitration tray. Negative reactions were charac-
terized by a compact button formed by the settling of the
non-agglutinated particles. TGA or TMA titers equal to or
greater than 1:40 were considered positive.
Determination of serum gastric parietal cell
antibody level
The serum GPCA level was detected by the indirect immu-
nofluorescence technique with rat stomach as a substrate
as described previously.8,9 In brief, 5 mm-thick cryostat
sections of substrate tissues on slides were reacted with
serially diluted patients’ and control subjects’ sera in
a moist chamber at room temperature for 30 minutes. The
initial dilution of the patients’ and control subjects’ sera
was 1:20 with PBS. After washing, the sections were incu-
bated with fluorescein isothiocyanate (FITC)-labeled goat
anti-human IgG antiserum (Boehringer Mannheim Biochem-
icals, Indianapolis, IN, USA) that had been prediluted and
kept in a dropper vial by themanufacturer andwas ready-to-
use for another 30 minutes. The sections were washed
again, mounted with buffered glycerine, and examined with
an Olympus fluorescence microscope (Olympus, Tokyo,
Japan). Sera were scored as positive when they produced
fluorescence at a dilution of 20-fold or more.
Diagnosis of oral candidiasis
For each TGA- or TMA-positive patient, two exfoliative
cytologic slides were prepared from the dorsal surface of
the tongue. One slide was stained with periodic acid-Schiff
(PAS) method and examined for the identification of can-
didal hyphae and yeasts. The presence of bright magenta-
colored hyphae or pseudohyphae confirmed the diagnosis of
candidiasis. The other slide was prepared with 20% potas-
sium hydroxide for the rapid identification of the fungal
organisms. The dorsal surface of the tongue was diagnosed
as having candidiasis when either one of the cytologic
preparations was positive for candidal hyphae or yeasts.10
Exfoliative cytologic slides were prepared from the dorsal
surface of the normal tongues of only a few healthy control
subjects. These slides were stained with PAS or treatedwith 20% potassium hydroxide and then examined by light
microscopy for the presence of Candida albicans.
Statistical analysis
Comparisons of the mean blood levels of hemoglobin, iron,
vitamin B12, folic acid, and homocysteine between 190
TGA- or TMA-positive patients and 190 age- and sex-
matched healthy control subjects were performed by
Student’s t-test. The differences in frequency of hemo-
globin, iron, vitamin B12 or folic acid deficiency, of
abnormally high blood homocysteine level, of serum GPCA
positivity, or of patients with different levels of TSH
between 190 TGA- or TMA-positive patients and 190 healthy
control subjects were compared by chi-square test. In
addition, the differences in frequency of the presence of
symptom or sign between TGA- or TMA-positive patients
and healthy control subjects were also compared by chi-
square test. The result was considered to be significant if
the p-value was less than 0.05.
Results
The mean blood concentrations of Hb, iron, vitamin B12,
folic acid, and homocysteine in 190 TGA- or TMA-positive
patients and in 190 age- and sex-matched healthy control
subjects are shown in Table 1. Because men usually had
higher blood levels of Hb and iron than women, these two
mean levels were calculated separately for men and
women. We found that TGA- or TMA-positive patients had
significantly lower mean Hb (p< 0.001 for both men and
women) and iron levels (pZ 0.012 for men and pZ 0.014
for women) and significantly higher mean homocysteine
levels (p< 0.001) than healthy control subjects (Table 1).
However, no significant difference in the mean serum
vitamin B12 (pZ 0.139), or folic acid level (pZ 0.078) was
demonstrated between 190 TGA- or TMA-positive patients
and 190 healthy control subjects (Table 1).
According to the World Health Organization criteria,
men with hemoglobin < 13 g/dL and women with hemo-
globin < 12 g/dL were defined as having hemoglobin defi-
ciency or anemia.11 Furthermore, patients with serum iron
level < 60 mg/dL,12 serum vitamin B12 level < 200 pg/mL
(148 pmol/L),13 or folic acid level < 4 ng/mL (10 nmol/L)14
were defined as having iron, vitamin B12, or folic acid
deficiency, respectively. In addition, patients with the
blood homocysteine level > 12.4 mmol/L (which was the
mean blood homocysteine level of healthy control subjects
plus two standard deviations) were defined as having
abnormally high homocysteine level. By the above-
mentioned definitions, 31 (16.3%), 27 (14.2%), 12 (6.3%)
and 2 (1.1%) TGA- or TMA-positive patients were diagnosed
as having Hb, iron, vitamin B12, and folic acid deficiencies,
respectively (Table 2). Moreover, 25 (13.2%) and 48 (25.3%)
TGA- or TMA-positive patients had abnormally high blood
homocysteine level and serum GPCA positivity, respectively
(Table 2). TGA- or TMA-positive patients had a significantly
higher frequency of Hb (p< 0.001), iron (p< 0.001), or
vitamin B12 deficiency (pZ 0.001), of abnormally elevated
blood homocysteine level (pZ 0.001), or of serum GPCA
positivity (p< 0.001) than healthy control subjects.
Table 1 Mean blood concentrations of hemoglobin (Hb), iron, vitamin B12, folic acid, and homocysteine in 190 patients with
anti-thyroglobulin antibody (TGA) or anti-thyroid microsomal antibody (TMA) and in 190 age- and sex-matched healthy control
subjects.
Patients with TGA
or TMA (nZ 190)
Healthy control
subjects (nZ 190)
p-value
Student’s t-test
Mean SD Range Mean SD Range
Hb (g/dL)
Men (nZ 17) 14.3 1.0 12.5e16.2 15.2 0.6 14.0e16.5 < 0.001a
Women (nZ 173) 13.0 1.3 7.1e15.6 13.6 0.7 12.0e15.6 < 0.001a
Iron (mg/dL)
Men (n Z17) 89.1 24.4 47e129 105.2 25.3 69e160 0.012a
Women (nZ 173) 86.4 32.3 9e186 93.7 23.7 56e156 0.014a
Vitamin B12 (pg/mL) 665.5 286.0 150e1000 701.9 181.4 268e997 0.139
Folic acid (ng/mL) 15.8 6.0 3.2e24.0 14.8 5.0 5.7e24.0 0.078
Homocysteine (mmol/L) 10.4 6.5 4.8e61.6 8.6 1.9 4.7e15.4 < 0.001a
a Comparisons of the mean blood levels of hemoglobin, iron, vitamin B12, folic acid, and homocysteine between 190 TGA- or TMA-
positive patients and 190 age- and sex-matched healthy control subjects by Student’s t-test with p< 0.05.
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TMA-positive patients had their serum TSH levels within the
normal range (0.1-4.5 mIU/mL). However, 4.2% and 10.0% of
TGA- or TMA-positive patients had a lower serum TSH level
(< 0.1 mIU/mL) and a higher serum TSH level (> 4.5 mIU/
mL), respectively (Table 2).
The tongue-associated symptoms and signs in 190 TGA-
or TMA-positive patients and in 190 age- and sex-matched
healthy control subjects are shown in Table 3. Burning
sensation of the tongue (96.8%) was found to be the most
common symptom and lingual varicosity (98.4%) was the
most frequent sign in 190 TGA- or TMA-positive patients. In
addition, TGA- or TMA-positive patients had significantly
higher frequencies of the tongue-associated symptoms and
signs than healthy control subjects (all P-values< 0.001,
Table 3). Because exfoliative cytologic slides were
prepared for only a few healthy control subjects, we didTable 2 Number and percentage of individuals with hemoglobin
high homocysteine level, with serum GPCA positivity, or with dif
anti-thyroglobulin antibody (TGA) or anti-thyroid microsomal ant
subjects.
Factor Patients wit
or TMA (nZ
Hemoglobin deficiency
(Men < 13 g/dL, Women < 12 g/dL)
31 (16.3%)
Iron deficiency (< 60 mg/dL) 27 (14.2%)
Vitamin B12 deficiency (< 200 pg/mL) 12 (6.3%)
Folic acid deficiency (< 4 ng/mL) 2 (1.1%)
High homocysteine levelb (> 12.4 mmol/L) 25 (13.2%)
GPCA positivity 48 (25.3%)
TSH
< 0.1 mIU/mL 8 (4.2%)
0.1-4.5 mIU/mL 163 (85.8%)
> 4.5 mIU/mL 19 (10.0%)
a Comparison of frequency of hemoglobin, iron, vitamin B12, or folic
serum GPCA positivity, or of patients with different levels of TSH be
matched healthy control subjects by chi-square test with p< 0.05.
b High homocysteine level was defined as patients with homocyste
control subjects plus two standard deviations.not know the exact Candida prevalence in healthy control
subjects.Discussion
This study showed that a specific group of 190 TGA- or TMA-
positive patients collected from the patients with AG or
BMS had significantly higher frequencies of Hb, iron, and
vitamin B12 deficiency, of abnormally elevated blood
homocysteine level, and of serum GPCA positivity than
healthy control subjects. Patients with GPCA positivity had
destruction of gastric parietal cells by an autoimmune
mechanism, resulting in deficiency of intrinsic factor, lack
of absorption of vitamin B12 from small intestine, and
finally vitamin B12 deficiency.10 This can explain why some
patients with GPCA positivity also have lower serum vitamin, iron, vitamin B12, or folic acid deficiency, with abnormally
ferent serum levels of thyrotropin (TSH) in 190 patients with
ibody (TMA) and in 190 age- and sex-matched healthy control
h TGA
190)
Healthy control
subjects (nZ 190)
p-value
Chi-square test
0 (0%) < 0.001a
5 (2.6%) < 0.001a
0 (0%) 0.001a
0 (0%) 0.478
6 (3.2%) 0.001a
3 (1.6%) < 0.001a
0 (0%) 0.012a
190 (100%) < 0.001a
0 (0%) < 0.001a
acid deficiency, of abnormally high blood homocysteine level, of
tween 190 TGA- or TMA-positive patients and 190 age- and sex-
ine level greater than the mean homocysteine level of healthy
Table 3 Tongue-associated symptoms and signs in 190 patients with anti-thyroglobulin antibody (TGA) or anti-thyroid
microsomal antibody (TMA) and in 190 age- and sex-matched healthy control subjects.
Symptoms and signs
of the tongue
Patients with TGA
or TMA (nZ 190)
Healthy control
subjects (nZ 190)
p-value
Chi-square test
Dry mouth 145 (76.3%) 0 (0%) < 0.001a
Burning sensation 184 (96.8%) 0 (0%) < 0.001a
Numbness 90 (47.4%) 0 (0%) < 0.001a
Dysfunction of taste 51 (26.8%) 0 (0%) < 0.001a
Varicosity 187 (98.4%) 0 (0%) < 0.001a
Candidiasis 56 (29.5%) Unknown
a Comparison of frequency of the presence of symptoms or signs between 190 TGA- or TMA-positive patients and 190 age- and sex-
matched healthy control subjects by chi-square test with p< 0.05.
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with GPCA-positivity, 12 (25%) had vitamin B12 deficiency
(< 200 pg/mL).
Because patients with thyroid autoantibodies are prone
to have other organ-specific autoantibodies in their sera,3e5
it was not surprising to find that 25.3% of our TGA- or TMA-
positive patients also had GPCA in their sera. A previous
study showed that 30 (20.3%) of 148 patients with autoim-
mune thyroid disease also have GPCA positivity.5 Further-
more, the presence of elevated levels of anti-thyroid
autoantibodies was the significant and independent factor
to predict GPCA positivity.5
Higher blood homocysteine levels are associated with
increased rates of coronary heart disease and stroke,
because high blood homocysteine level can cause oxidative
stress, damage endothelium, and enhance thrombogenicity
in experimental studies.15e18 This study found an abnor-
mally higher blood homocysteine level in 13.2% of TGA- or
TMA-positive patients. However, the abnormally elevated
blood homocysteine level could be discovered in only 3.2%
of healthy control subjects. The high blood homocysteine
level in TGA- or TMA-positive patients could be due to
deficiency in folic acid, vitamin B6, and vitamin B12,
because a previous study has shown that a supplementation
with folic acid, vitamin B6, and vitamin B12 can reduce
blood homocysteine levels.15 Indeed, deficiency of vitamin
B12 was more frequently detected in TGA- or TMA-positive
patients (6.3%) than in healthy controls (0%) in this study.
The vitamin B12 deficiency resulted in high blood homo-
cysteine level in TGA- or TMA-positive patients.
Burning sensation (96.8%), dry mouth (76.3%), and
numbness (47.4%) of the tongue were the three most
common symptoms of TGA- or TMA-positive patients in this
study. Iron and vitamin B12 are related to the health of oral
epithelium. Long-term dry mouth and iron or vitamin B12
deficiency may cause partial or complete atrophy of the
tongue epithelium in TGA- or TMA-positive patients.
Therefore, spicy molecules in the saliva could easily diffuse
through the atrophic epithelium into the subepithelial
connective tissue of the tongue mucosa, irritating the free
sensory nerve endings and in turn inducing a burning
sensation and numbness of the tongue.
Loss or dysfunction of taste was a minor symptom
(26.8%) in 190 TGA- or TMA-positive patients. Because the
chemical substances should be dissolved in saliva then the
taste cells in taste buds can perceive the dissolved
substances. Xerostomia was described in 76.3% of the TGA-or TMA-positive patients. Decreased secretion of saliva in
turn resulted in loss or dysfunction of taste in TGA- or TMA-
positive patients. Moreover, oral candidiasis, vitamin B12
deficiency, and iron deficiency may induce the formation of
partial or complete atrophic glossitis, which subsequently
leads to a decrease in the number of taste buds and finally
results in loss or dysfunction of taste.10,19
Varicosities are abnormally dilated and tortuous veins
that are often found on the ventral surface of the tongue in
aged individuals due to the age-related loss of connective
tissue tone supporting the veins.10 Moreover, xerostomia is
a common problem that has been reported in 25% of older
adults.10 A number of developmental, iatrogenic, systemic,
and local factors may play a role in the cause of xero-
stomia. However, xerostomia in older adults is more likely
the result of medications, because aged patients are prone
to take drugs associated with xerostomia to overcome their
systemic or psychotic disorders.10 In this study, the mean
age of 190 TGA- or TMA-positive patients was 60.1 years.
Therefore, it was not surprising to find lingual varicosity in
98.4% and dry mouth in 76.3% of 190 TGA- or TMA-positive
patients. Because normal and sufficient saliva can provide
cleansing and antimicrobial activity, there is an increased
prevalence of oral candidiasis in patients with xero-
stomia.10 We suggest that the candidiasis on the tongue
surfaces of our 56 (29.5%) TGA- or TMA-positive patients
may be at least partially due to the high incidence (76.3%)
of dry mouth in our TGA- or TMA-positive patients.
The two major criteria for the diagnosis of chronic
autoimmune thyroiditis are high TSH concentration and the
presence of TGA or TMA in patients’ sera.6 In this study, we
found that of the 190 TGA- or TMA-positive patients, 8
(4.2%) had lower serum TSH level (< 0.1 mIU/mL, suggestive
of hyperthyroidism), and 163 (85.8%) had higher serum TSH
level within normal range (0.1e4.5 mIU/mL), and 19 (10%)
had higher serum TSH level (>4.5 mIU/mL, suggestive of
hypothyroidis). Previous community survey studies discov-
ered that 50% to 75% of subjects with TGA or TMA positivity
are euthyroid, 25% to 50% have subclinical hypothyroidism,
and only 5% to 10% have overt hypothyroidism.6 These
results indicate that the majority of the TGA- or TMA-
positive patients had euthyroid and only a small portion
of TGA- or TMA-positive patients had either hypothyroidism
or hyperthyroidism.
Our results demonstrated that 16.3%, 14.2%, and 6.3% of
our 190 TGA- or TMA-positive patients had deficiencies of
Hb, iron, and vitamin B12, respectively. Moreover, 13.2%
160 Y.-P. Wang et al.and 25.3% of our 190 TGA- or TMA-positive patients had
abnormally high blood homocysteine level and serum GPCA
positivity, respectively. We also found a significantly higher
frequency of Hb, iron, or vitamin B12 deficiency, of
abnormally elevated blood homocysteine level, or of serum
GPCA positivity in our TGA- or TMA-positive patients than in
the healthy control subjects. These findings suggest there
are deficiencies of hemoglobin, iron, and vitamin B12,
abnormally high blood homocysteine levels, and serum
GPCA positivity in this specific group of TGA- or TMA-
positive patients. In addition, the majority (85.8%) of TGA-
or TMA-positive patients had euthyroid and only a small
portion (14.2%) of TGA- or TMA-positive patients had either
hypothyroidism or hyperthyroidism.
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